Abstract. Several members of the Ets (E26 transformation specific) transcription factor family are involved in tumor progression, e.g. by activating matrix metalloproteases. Ets proteins share a unique DNA-binding domain, the Ets domain, which specifically recognizes GGAA/T-containing sequences common in many promoters. While the roles of quite a number of Ets proteins in carcinogenesis have been well established, little is known about the importance of the Ets protein Elf-1 (E74-like factor 1) in cancer. Herein, we analyzed the expression of Elf-1 in breast cancer. We found that, like T-cells, breast cancer cells express both the 80 and 98 kDa isoforms of the Elf-1 protein with the 98 kDa isoform only be present in the nucleus. Immunohistochemical analysis of 119 breast cancer biopsies showed anti-Elf-1 immunoreactivity exclusively in the nucleus. Elf-1 expression varied largely among the breast cancer samples showing a negative correlation with histological grading. However, no association of Elf-1 expression with clinical outcome was observed, even when sub-cohorts of patients who received either only adjuvant endocrine treatment or only chemotherapy were separately analyzed. These data suggest that Elf-1 may modulate breast cancer progression to some extent without having an impact on survival of breast cancer patients.
Introduction
Elf-1 is a member of the Ets transcription factor family that comprises more than 20 members (1-3). Ets transcription factors share a unique DNA-binding domain, the Ets domain, which allows these proteins to bind to sequences containing a GGAA/T core motif. Many genes harbor Ets binding sites and are responsive to Ets proteins (4) . In vitro, gene promoters can often be activated by more than one Ets protein. A study on T-cells combining chromatin immunoprecipation with cDNA microarray (ChIP-CHIP) revealed that, also in vivo, many promoters are redundantly occupied by more than one Ets protein (5) . This raises the question of how specificity of Ets-dependent gene expression is achieved. It is thought that expression pattern, post-translational modifications, preferences for cooperating transcription factors and the sequence flanking the core binding motif are major factors that determine which Ets factor regulates which genes under certain conditions (6) (7) (8) . Elf-1 often shares promoter sequences with Ets1, the founding member of the Ets family. Of note, knock-out of either Elf-1 or Ets1 in mice led to anomalities in the development of natural killer T-cells (9, 10) . Both Elf-1 and Ets1 are also found in tumor cells. While the tumor-promoting function of Ets1 is well established (reviewed in refs. 2, 11) , only a few studies have yet been undertaken to analyze the role of Elf-1 in tumor progression. For example, in ovarian and endometrial cancer, Elf-1 expression correlates with poor prognosis (12) (13) (14) . In melanoma, Elf-1 seems to be involved in tumor-induced neo-angiogenesis (14) and, in breast cancer, Elf-1 was found to be a major factor driving the tumor-promoter gene Pygopus2 (15) .
As a transcription factor Elf-1 is mainly located in the nucleus (16) , but also resides in the cytoplasm, where it can bind to underphosphorylated retinoblastoma protein (Rb) (17) . Release from this complex seems to require post-translational modifications, such as O-linked glycosylation and phosphorylation (18) . This modification leads to a change in the apparent molecular weight of the Elf-1 protein from 80 to 98 kDa. The 98 kDa form of Elf-1 is exclusively found in the nucleus suggesting that upon its release from Rb Elf-1 translocates to the nucleus. Loss of the ability of T-cells to produce the 98 kDa Elf-1 form has been linked to decreased expression of T-cell receptor ζ and systemic lupus erythematosus (19) . O-linked glycosylation of Elf-1 may also regulate its ability to interact with other transcription factors. For example, O-linked N-acetylglucosamination of Elf-1 was found to inhibit its physical and functional interaction with Sp1 (20) .
In breast cancer, increased Ets1 expression has been linked to poor prognosis (21) , whereas, to our knowledge, 
Material and methods

Cell lines, protein extraction and Western blot analysis.
MDA-MB-231, Hs578T and BT20 breast cancer cells were maintained in RPMI medium (Gibco-Invitrogen) supplemented with 10% fetal calf serum (PAN) in the absence of antibiotics. For the extraction of cytoplasmic and nuclear proteins, cells were harvested and subjected to treatment with low and high salt buffers as described (22) . Extraction of cytosolic proteins from breast cancer tissues was performed according to Schunke et al (23) . Western blot analysis was carried out as described (24) . For the detection of Elf-1, a rabbit polyclonal Elf-1 specific antibody (Santa Cruz Biotechnology, C-20) was used at a final dilution of 1:2,000.
To control for equal protein loading, a rabbit polyclonal ERK1/2 specific antibody (Cell Signalling Technology) was applied (dilution 1:1,000) (25) . The anti-rabbit antibody horseradish peroxidase-conjugate was purchased from Cell Signalling Technology. Peroxidase activity was visualized by chemiluminescence by using ECL-Plus and Hyperfilm ECL (GE-Amersham).
Immunohistochemistry. Formaldehyde-fixed paraffinized breast cancer samples were cut into sections which were subjected to deparaffinization, peroxidase blocking, demasking and antibody treatment as described previously (26) . The Elf-1 specific antibody was used at a final dilution of 1:200. Quantitation of the staining signals in tumor cell nuclei were carried out by using the immunoreactive score (IRS). Calculation of the IRS was performed as described (26) . Breast cancer sections with an IRS >2 were considered to be Elf-1 positive. cant. The Kaplan-Meier method was applied for calculating survival probabilities.
Results
Breast cancer cells express both the 80 and 98 kDa Elf-1 isoforms.
We examined Elf-1 protein expression in three breast cancer cell lines, MDA-MB-231, Hs578T and BT20, by Western blot analysis. In all three cell lines, the 80 and 98 kDa Elf-1 isoform could be detected in nuclear protein extracts (Fig. 1A) . However, the ratio of the 98 to the 80 kDa isoform varied among the cell lines. In BT20 cells, the 98 kDa isoform was more prominent, whereas in the other two cell lines, the 80 kDa isoform was more abundant. In contrast to the nucleus, the cytoplasma contained only the 80 kDa Elf-1 isoform (Fig. 1B) . This shows that Elf-1 protein is expressed in different breast cancer cell lines and that, similar to T-cells (18) , breast cancer cells express the 98 kDa isoform only in the nucleus. We next examined protein extracts from primary breast cancer specimens for Elf-1 protein expression by Western blot analysis. The 80 kDa Elf-1 protein band, but not the 98 kDa band could be visualized. Since other nuclear proteins, such as Ets1, could not be detected either (data not shown) it is likely that the Triton X-based extraction procedure used here did not allow the extraction of nuclear proteins in sufficient amounts. Nevertheless, the data show that Elf-1 protein is also present in primary breast cancer.
Nuclear expression of Elf-1 negatively correlates with histo logical grading.
We next analyzed sections from formaldehyde-fixed, paraffinized samples of 119 breast cancer patients by immunohistochemical staining using an anti-Elf-1 antibody. Of the 119 breast cancers, 96 were ductal carcinomas, 6 lobular carcinomas and 17 other types of breast tumors. Incubation with the Elf-1 specific antibody resulted exclusively in nuclear staining of tumor cells whereby the staining intensity varied strongly among tumor samples (Fig. 2) . In all sections, lymphocytes showed intense staining in response to the Elf-1 antibody and could therefore be used as a positive control for the staining reaction. Of the ductal carcinomas, 61.9% stained positive for Elf-1, all 6 lobular carcinomas expressed Elf-1 and, of the other breast tumors, 84.6% were Elf-1 positive.
We next compared Elf-1 expression in tumor cell nuclei with clinicopathological data, including age, nodal status, tumor size, histological grading, hormone receptor status and Her2 status. This analysis was restricted to the ductal carcinoma group to which most of the cases belonged. By using the χ 2 -test for statistical analysis, we found that Elf-1 nuclear expression negatively correlates with histological grading in a significant manner (Table I) : all three G1 tumors showed Elf-1 expression, ~74% of the G2 tumors expressed Elf-1 and only ~48% of the G3 tumors displayed anti-Elf-1 antibody reactivity. A tendency, though not statistically significant, was also found when Elf-1 expression was compared with tumor size. At T1, ~72% of the breast cancers showed Elf-1-specific staining, which decreased to ~56% at T2 and further declined to ~50% in the T3/T4 group. The negative correlation between Elf-1 expression and histological grade and to some extent also with tumor size may suggest that Elf-1 expression in breast cancer cases with tumor progression.
Tumoral Elf-1 expression is not associated with clinical outcome of breast cancer patients. We next explored the possiblity that Elf-1 expression may be associated with clinical outcome of breast cancer patients. By using Kaplan-Meier statistics we found that Elf-1 expression in breast cancer cells had no effect on disease-free survival (Fig. 3) . Since the patients were treated differently, we also tested whether Elf-1 expression correlates with survival within a subpopulation of patients who either received adjuvant endocrine or adjuvant CMF (cyclophosphamide, methotrexate and 5-fluorouracil) therapy. However, in neither subpopulation was Elf-1 expression linked to clinical outcome. This suggests that, despite its negative correlation with grading, Elf-1 protein expression has no predictive value in breast cancer.
Discussion
Several Ets transcription factors are linked to cancer. Among them are Ets1, Ets2, Fli-1, Esx, Ese-1, ERM, PEA-3 and ER81 (2, 3, 11, 27, 28) . Evidence has been accumulated that these proteins are involved in important key processes, such as invasion, that drive tumor progression. Among the tumor-relevant target genes of Ets proteins are matrix metalloproteases, transforming growth factor receptor II and human epidermal growth factor receptor 2 (29) (30) (31) . To some extent, Ets proteins may be functionally redundant, which has been specifically discussed for Ets1 and Ets2 (32) . Redundant occupation of Ets target genes in T-cells by Ets1 and Elf-1 may also suggest partial functional redundancy of these two proteins (5) .
However, herein we show that despite the correlation between Ets1 expression and unfavorable prognosis of breast cancer patients as has been reported previously (21) , there is no association between Elf-1 expression and the clinical outcome of patients suffering from invasive ductal breast carcinoma. Even if subpopulations of patients who received adjuvant endocrine or CMF treatment were selectively analyzed, no link between Elf-1 expression and outcome could be observed. However, Elf-1 nuclear staining was found to be negatively associated with histological grading and, to some extent, also with tumor size. This may suggest that Elf-1 expression is reduced with the progression of breast cancer. It may be that other Ets factors, such as Ets1, Ets2 or Ese-1, are more efficient than Elf-1 in activating tumor-relevant genes and may therefore be more important for breast cancer progression. In support of this notion, we found that Ets1, Ets2 and Ese-1 had a much stronger supporting effect on phorbol ester-driven expression of tumor-relevant PTHrP (parathyroid hormone-related protein) gene than Elf-1 (33) . If Elf-1 has a lower potential than Ets1 or other Ets transcription factors to activate genes that are required for tumor progression, it is possible that Elf-1 by competing with Ets1 and other Ets factors may slow down tumor progression. This would explain why Elf-1 expression is lower, when tumor grading and tumor size increase.
Interestingly, immunohistochemical studies on ovarian and endometrial cancers, in which the same Elf-1 antibody had been used as in our study, Elf-1 expression was found to rather correlate positively with histological grading and to be associated with unfavorable clinical outcome (12, 13) . This suggests that Elf-1 may have different functions in different cancer types. Since Ets proteins largely depend on cooperating transcription factors for activity (34) , it may be that tumor type-dependent differences in the expression of transcription factors that interact with Elf-1 are responsible for these differences.
